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PREFACE
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mentation requirements of Contract No. DOT-HS-8-02045 and covers work performed
under Phase I of the research program. The Phase II full-scale crash test
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upper anchors is contained in Report No. 6407-V-2. Results of frontal barrier
impact tests of two 1980 model Volkswagen pickup trucks modified by the
installation of the VW Rabbit passive belt restraint system that were also
performed as a special task of the Phase II effort are presented in separate

volumes designated as Interim Report Nos. 6407-V-3 and -V-4.
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are those of the author and not necessarily those of the National Highway Traffic
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Kenneth C. Hendershot, Head
Transportation Research Department
Calspan Advanced Technology Center
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1. INTRODUCTION

The efficacy of restraint belts in reducing injuries to motorists in
automobile accidents has long been recognized and conclusively demonstrated by
results of numerous studies of highway accident experience. Since 1968 when
automobiles sold in the U.S. were first required to have lap and shoulder belts
for front seat occupants, many improvements such as emergency locking retractors
and single-buckle lap and shoulder belts have been developed which provide
increased comforf and convenience over earlier restraint system designs.
Unfortunately, however, despite these advances the vast majority of people still

do not wear the safety belts.

Federal legislation has been enacted requiring, by model year 1984,
that all new passenger cars be equipped with some type of passive restraint for
front seat occupants and many manufacturers are developing, or already have
available, passive belt restraint systems for their vehicles. Since passive
belts are automatically deployed and positioned on the occupants without the
need for any action on their part to 'buckle up', it is expected that use of
passive belts will increase substantially over the approximately 15 to 20
percent usage rate of current manual (i.e., "active') seat belts reported in

Reference 1.

Surveys of motorists conducted for the National Highway Traffic Safety
Administration (NHTSA) have indicated that comfort and convenience problems are
among the main reasons why people choose not to use existing restraint belts
(e.g., References 2, 3). Improperly fitting shoulder belts which rub against
the neck, tend to fall off the shoulder, or cross over the breast of females
is one cause of discomfort often cited. The problem of providing good fitting
shoulder belts is made difficult not only because of limitations in the location
of anchor points imposed by vehicle configuration and body structural design
but also because of the need to accommodate a wide range of occupant sizes

and seat adjustment positions.



An adjustable anchor for the shoulder belt has been proposed as a
means of allowing improved comfort and fit for different size occupants that
could possibly lead to increased safety belt utilization. This report presents
findings from the initial phase of a two-phase.research program in which an
adjustable anchorage for the existing passive belt system of the Volkswagen
Rabbit vehicle was developed and the safety effectiveness of the system was
evaluated. According to the background information of the contract statement
of work, "In consumer interviewing to determine ways of improving the safety
belt system in the VW Rabbit, a significant proportion suggested that the
diagonal belt is positioned too high on a smaller person. In crash testing of
the VW Rabbit, it has been suggested that the diagonal belt may be positioned
too low on a larger occupant; this positioning may lead to rotation of the
occupant out of the diagonal belt during certain crash situations'.

Specifically, the objectives of the Phase I study were to

(1) Determine how the performance of the VW Rabbit passive belt
restraint is affected by independent variation of the vertical and longitudinal
location of the upper belt anchorage for occupants ranging in size from a 6

year old child to a 95th percentile adult male.

(2) Design and develop a consumer acceptable, vertically adjustable
upper anchor for the Rabbit passive belt and evaluate the performance in impact

sled tests.

The passive restraint system developed by Volkswagen has been available
as an option in their Rabbit automobiles since 1975. It basically consists of
only a shoulder belt and a knee bolster to control the motion of the lower body.
The lower end of the belt terminates at an emergency locking retractor mounted
inboard on the frame structure of the bucket seat so the location of that anchor
relative to the occupant is unaffected by longitudinal adjustments of the seat
position. The upper end of the belt is connected to an emergency release
buckle fixed to the rear edge of the door window frame which is strengthened
by an interlock with the "B'"-pillar to support the belt loads developed in a

crash, When the door is opened, the belt is carried forward away from the



occupant's torso to permit easy entry and egress from the car; when the door is
closed, the belt falls into place across the shoulder and chest as the retractor

takes up the slack.

The 1976 two-door model Rabbit was the particular vehicle considered
in this program. The effect of upper belt anchor location on restraint system
performance was first investigated by computer simulations described in the
following section. However, the performance evaluations were mainly accomplished
on the basis of comparisons of data generated in over 40 sled tests using an
actual two-door Rabbit body buck and restraint system hardware installed on
the Calspan accelerator sled. The results from these sled tests with different
size occupants in which the location of the upper belt anchor was varied up
to + 6 inches in the vertical direction and up to + 8 inches horizontally
from the original, baseline position are summarized and discussed in Section 3.
The design and test evaluation of the vertically adjustable upper anchor
developed for the passive belt Rabbit is described in Section 4 and conclusions

and recommendations stemming from this research are presented in Section 5.

In the second phase of the program, the performance of the passive
restraint system was further evaluated in a series of full-scale crash tests of
VW Rabbit vehicles equipped with the developed adjustable upper belt anchorage.
The results of the Phase II crash tests are contained in the second volume of

the final report on this research program.



2. COMPUTER SIMULATION STUDY

One of the specified program tasks was an analytical investigation
of occupant responses to vehicle impacts using computer simulation techniques.
The objective of the study was to provide preliminary insight on how the
performance of the restraint system would be affected by changes of the vertical

and longitudinal location of the upper belt anchor.
2.1 Methodology .

The simulations were performed using the three-dimensional Crash
Victim Simulation computer program (CVS III) developed by Calspan (Reference 4).
The runs were remotely executed on the government computing facility located
at Edgewood, Maryland where all input and output data for each run were also
stored on magnetic tape files to enable future access of the data by NHTSA
personnel if desired. A total of 31 computer simulations were made which, in
addition to changes of the upper anchor location, included simulations of 50th
and 95th percentile male.occupant sizes, driver and right front passenger seating -

positions, and frontal and 30-degree angled barrier impacts.

To the extent possible, inputs to the simulation model were based on
directly measured data. For example, measurements of the vehicle interior were
made to accurately define the locations and geometry of belt anchorages and
interior contact surfaces such as the seat, knee bolster and steering wheel in
the model, Measurements of dummies placed in the vehicle were also made to
insure the initial equilibrium positions of the occupants were properly matched
in the simulations. Vehicle longitudinal deceleration time history data from
crash tests of VW Rabbits were supplied by the CTM. Observations of vehicle
motion in 30-degree angled barrier impacts have shown that lateral translation
and rotation of the compartment does not usually occur until quite late in the
impact so that the direction of the deceleration is mainly longitudinal. From
analyses of measured vehicle longitudinal and lateral acceleration data and
occupant trajectories in such tests by various investigators (e.g., References 5,
6), it has been found that a fixed angle of 12 to 15 degrees for the resultant



acceleration vector relative to the vehicle longitudinal axis provides a good
approximation for kinematic equivalence between impact sled and full-scale
angled barrier tests. Both the analytical and sled simulations of the full-
scale 30-degree angled barrier impact configuration were therefore performed
using unidirectional accelerations with the vehicle oriented at a constant

yaw angle of 12 degrees,

Information on the force-deflection characteristics of the VW restraint
belt, knee bolster and seat required as_input to the_compu;ey program was very
limited so it was necessary to assume estimated properties based on availéble
"typical' data from various sources. Data from a 1973 static test of VW belt
webbing was modified to account for the effects of dynamic loading, dummy
torso compliance and spool-off from the emergency locking retractor. The
increased stiffness of the webbing that occurs with a rapid rate of loading
was based on data presented in Reference 7. Webbing spool-off from the retractor
as a function of belt load was determined from high speed film and load cell
data recorded in an earlier sled test of the VW restraint system reported in

Reference 8.

The compliances of the upper torso of the 50th and 95th percentile
male dummies were measured in static tests which provide a better source of
data for modifying belt webbing force-strain properties to account for the
effects of dummy compliance than heretofore was available, In these tests, the
dummies were supported in a supine position on a rigid surface and the chest
loaded by means of an inextensible steel strap positioned in the manner of a
torso belt as shown in Figure 2-1, The loads were applied by pulling on the
upper end of the strap and the force at each end, the corresponding change of
belt length resulting from the deformation of the torso, and the posterior

deflection of the sternum were recorded.



Figure 2-1 TEST SET-UP FOR MEASUREMENT OF
DUMMY CHEST COMPLIANCE

The effective belt stretch due to dummy torso compliance is shown in
Figures 2-2 and 2-3 for the Alderson Part 572 50th percentile and the 95th
percentile male dummies, respectively. The latter dummy thorax is somewhat
stiffer but the reduced stiffness evident in the plots for the 50th percentile
dummy beginning at about 2 inches of effective belt elongation is probably the
result of lateral displacement of the rib cage. The center of the sternum was
noted to have displaced approximately 1 inch to the left of the mid sagittal
plane when the load measured at the upper end of the belt was about 1200 1b.

Because of the need to use estimated values for many of the model
input parameters, a simulation of the earlier sled test of the VW restraint
system (Reference 8) was performed to determine if the overall system appeared
reasonably well characterized. Based on the good correlation of the CVS model

results for head and chest resultant acceleration and belt load time histories
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COMPLIANCE OF 95TH PERCENTILE MALE DUMMY

Fig.ure 2-3



with the data measured in the sled test, it was concluded that the properties of

the restraint system were adequately approximated by the input data set used.

2.2 Simulation Results

Results of the computer simulations of the 50th percentile male
occupants with the upper belt anchor at the baseline location of the two-door
model VW Rabbits and at points 6 inches above and below that position are
summarized in Table 2-1, The + 6 in. range of vertical adjustment is nearly
the maximum as limited by the height of the window opening in the door. The
results indicate a weak trend of reduced values of the injury and other
restraint performance criteria (i.e., peak belt loads and occupant forward
excursion) with lowering of the belt anchor, This trend is consistent for both
the driver and passenger seating positions and for each direction of vehicle
impact deceleration, It may be noted that the predictions for the driver and
passenger are virtually identical for corresponding simulated conditions
because the forces from contact of the driver with the steering wheel were not
large. (The inputs to the computer program were set up to indicate the occurrence.
of occupant contacts but with no forces for contacts of the abdomen with the
steering wheel or of the head with the windshield. Femur loads were also assumed
to be limited to 2000 1b. for knee bolster penetrations greater than 3,5

inches.)

The predicted slightly improved performance of the restraint system
for lower positions of the anchorage results from the reduced length of the
belt which decreased from 44.9 inches when the anchor was at the highest elevation
to 40.2 inches with the anchor located 6 inches below the baseline position.
The longer belt is less stiff because the strain (and hence force) is smaller
for a given elongation and, as may be seen from the table, resulted in increased
forward excursions of the head and chest, In the model, only the length of the
upper portion of the belt was affected by changes of the upper anchor position
because the locations of the inboard anchor and of the belt reference point

on the torso (which together with the upper anchor point define the belt plane)
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were assumed to be invariant. Thus, except for minor variation of the belt
tangency points on the torso contact ellipsoid defined in the model, the
orientation of the belt on the occupant was essentially the same for all of the
simulation runs. This was a potential source of error in the model predictions
because, as is shown later in Sections 3.3 and 3.4, the position and angle of
the belt as it crosses over the upper torso both vary with changes of the upper

anchor location.

Results of simulations of a 95th percentile male occupant for different
- vertical locations of the upper anchor are presented in Table 2-2. Like those
of the 50th percentile occupant, these results indicate a tendency toward
improved restraint system performance with lowering of the anchor point.
Although the differences in the résponses due to anchor location again are not
very large, this trend is seen to be stronger for the larger size occupant.

The length of the belt in the simulations of the 95th percentile occupant ranged
between 42.4 and 38.5 inches for anchor point locations 6 inches above and below
the baseline position, respectively, These lengths are shorter than in the
simulations of the 50th percentile male because of the difference in the
longitudinal position of the seat (and hence also the inboard anchor) in the
vehicle. The seat was defined to be at the center of the adjustable range in
the simulations of the 50th percentile occupant and fully (i.e., 3.9 inches)

aft for the larger size crash victim.

The computer simulations show that the belt loads cause the occupants
to twist outboard during the impact. This kinematic behavior created a problem
in the simulations of left and right oblique vehicle impacts for the passenger
and driver, respectively. In those configurations, the occupant tends to slip
out from under the restraint belt and the motion of the torso resulted in
failure of the logic associated with the computation of instantaneous length
of the belt approximately 155 milliseconds after vehicle impact. For this
reason, and also because the effect of belt anchor locations appeared to be
the same as observed for the other conditions investigated, those combinations
of seating position and vehicle impact direction were not simulated for the

larger size occupant.
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The results from a series of computer simulations in which the
longitudinal position of the belt upper anchor was varied are presented in
Table 2-3. A trend of improved restraint performance with more rearward anchor
location is evident in the results for both sizes of occupant; however, again
the effect is not very strong and is manifested primarily in reduced peak chest
accelerations. The increase of belt length resulting from changing the anchor
point from 8 inches forward to 8 inches aft of the baseline position was
13.4 and 11.9 inches for the 50th and 95th percentile occupants, respectively.
The predicted belt loads for the larger dummy appear to be unrealistically
high but the results for both occupant sizes indicate a reduction of the peak
belt load as the anchor point is moved aft due to the increased length of the
belt.

In summary, the computer simulations indicate that, with the possible
exception of femur loads, the restraint system performance is very good and
results in occupant responses well below the occupant protection requirements
of Federal Motor Vehicle Safety Standard (FMVSS) No. 208. The model results
also show that the performance of the restraint system is not very sensitive
to changes of the belt upper anchor location but may be improved slightly
for anchor positions below or aft of the existing attachment point in the

vehicle.
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3. SLED TEST EVALUATION OF THE EFFECT OF UPPER ANCHOR LOCATION

Analysis and evaluation of the effects of varying the location of the
upper anchor of the VW Rabbit passive belt on the performance of the restraint
system was mainly accomplished by dynamic testing with the Calspan HYGE
accelerator sled. In this section the methodology is described and the results

of the test program are presented and discussed.

3.1 Test Methodology

3.1.1 Sled Body Buck

A test buck was fabricated from an available 1976 two-door VW Rabbit
that had sustained only minor damage to the passenger compartment in a crash
test. The structure forward of the firewall and aft of the B-pillar was removed
and the roof was also cut away to facilitate photographic coverage. The body
was externally reinforced and braced at the front and rear as required for
mounting on the sled and for maintaining the geometry of the compartment interior

in the repeated exposures to the high force levels of the simulated crashes.

The doors were removed as was the windshield which was replaced with
plexiglass for safety purposes., The interior of the vehicle was unchanged
except for a bracket to support the steering wheel/column assembly and structural
reinforcement of the A- and B-pillars and of the floor under the seats. Steel
plate and tubing were attached to the B-pillars for anchoring the upper end of
the restraint belt at the desired vertical and longitudinal positions. These
""boiler plate' anchors were used in all of the tests except one series of five
runs in which the performance of the adjustable anchor device was evaluated.
The adjustable anchor hardware was installed in the door and B-pillars only on

the passenger side of the body buck.



3.1.2 Test Conditions and Configurations

e Crash Deceleration Pulses

Longitudinal acceleration data measured in 30 MPH frontal and angied
barrier impact tests of the VW Rabbit were supplied by the sponsor and used to
select a sled metering pin and operating conditions that would provide acceleration
pulses reasonably representative of the actual vehicle crash responses. The
match achieved between the acceleration time histories measured in full-scale
crashes and those used in the sled test program is shown in Figure 3-1. For
the frontal barrier impact simulations, the sled pulse of 26 G peak acceleration
and 93 msec. duration produced a velocity change of 30.9 MPH compared to 34.9 MPH
obtained from integration of the crash test acceleration data which indicates
an appreciable vehicle rebound velocity occurred if the impact speed was
nominally 30 MPH. The vehicle acceleration time histories with angled barrier
crashes were very closely approximated by the 19 G, 143 msec. pulse used in the

sled tests.
e Instrumentation

A complement of 21 electronic transducers were used to measure the
various dynamic responses in each sled test. The instrumentation consisted of
triaxial accelerometer packages in the head and chest and load cells in the
femurs of each dummy, load cells to measure the force at the upper and lower
ends of the restraint belts and an accelerometer mounted on the sled to
monitor the crash pulse. The amplified transducer signals were recorded both
by magnetic tape recorders and by the Calspan Digital Data Acquisition System
(DDAS) operating in the on-line mode. The digitized data were processed by
DDAS computer programs which calculated values of the Head Injury Criteria (HIC)
and produced hard copy time-history plots of the reduced data within one hour
after each test. The analogue data were also displayed on multi-channel strip

charts which are presented in Appendix A for each sled run.
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Four high-speed motion picture cameras were mounted onboard the sled
to provide a visual record of dummy kinematics and interaction with the restraint
system. Three cameras provided lateral views from each side of the body buck

- for showing the kinematic responses of the driver and passenger dummies and an
elevated front view through the windshield for observing the position of the
restraint belt on the torso of each dummy and for detecting occurrences of belt
roping, loading of the neck or underride of the rib cage. The fourth camera
photographed, with the aid of mirrors, the inboard end of the restraint belts
for ﬁeasurement of the amount of belt spool-off from the emergency locking
retractors., Other photographic coverage included two on-board Polaroid sequence
cameras for '"quick look'" assessment of occupant kinematics and pre- and post-
test still pictures showing the initial configuration and the final rest

positions of the dummies as well as damage to compartment interior components.
e Test Configurations

The sled test program consisted of 40 sled runs with dummies occupying
both the driver and passenger seats, thereby providing 80 occupant exposures to .
simulated crashes for evaluating the performance of the restraint system with
various locations of the upper belt anchor. Tests were conducted using the
three adult size dummies (i.e., 50th and 95th percentile male and 5th percentile
female) as both drivers and passengers restrained'by belts anchored at the same
locations. A typical test configuration is illustrated in the photographs of
Figure 3-2. Only two tests were performed with a 6 year old child size dummy
because it was evident that the restraint system would not protect such a small
size occupant whose legs are not properly restrained by the knee bolster so

as control the motion of the lower torso,

The position of the upper anchor was variéd between 8 inches ahead
and aft of the normal location in the vehicle (termed the baseline position
herein) and between 6 inches above and below the baseline position. The 8 inch
forward location is very close to the configuration of the passive belt in a

four-door model Rabbit vehicle and the + 6 inch range in the vertical direction



Figure 3-2 TYPICAL SLED TEST CONFIGURATION



is about the limit that can be accommodated by the height of the door window
opening. Each size adult dummy was tested with the belt anchored at these
extremes of longitudinal and vertical location. and at the baseline position
which provided the data base required for comparing and evaluating the
performance of the restraint system with the anchors relocated, Other anchor
point locations investigated were 4 inches forward and aft with the 50th
percentile dummy, 2 and 3 inches down with the 5th percentile dummy and 2
inches down and 1, 3 and 5 inches up from the baseline position in tests of
the 95th percentile male dummy. Replicate runs were made for many of the test

configurations.

Most of the tests were performed with the seats in the usual position
for the various size occupants, i.e., fully-forkard, mid-, and fully-aft for
the 5th, 50th, and 95th percentile dummies, respectively. However, a few non-
standard configurations were also tested. These included tests of the Sth
percentile dummy with the anchor 8 inches forward of -the baseline but with the
seat in the mid- and fully-aft positions, and two sled runs in which the inboard
belt anchor was moved 6 inches forward to enable the belt to fall within the
comfort zone on the 50th percentile dummy defined in Reference 9. This location
of the inboard anchor was determined by placing a 50th percentile dummy in the
body buck with the seat in the mid-position and moving the retractor ahead in
small increments until the belt, when withdrawn from the retractor and released,
appeared to naturally fall within the comfort zone that had been outlined on
the dummy torso. The retractor was then bolted in place under the seat to a
bracket welded to the seat frame structure. The increased width and height of
the seat cushion at the more forward station of the retractor caused interference
between the cushion and the belt which made it difficult to accurately determine

the minimum required shift of the anchor.

Damaged components such as the steering wheel, knee bolster and seats
were replaced with new parts for each sled run, New restraint belt webbing of
the same length as the original equipment belts provided by the vehicle

manufacturer was also used for each test.



3.2 Test Results

3.2.1 Baseline Upper Anchor

Occupant response data from all of the sled tests performed with the
upper belt anchor at the baseline position of the two-door Rabbit vehicle are
summarized in Table 3-1 and corresponding measurements of the restraint belt
geometry, loads and spool-off from the emergency locking retractors are given
in Table 3-2. One of the points of particular interest shown by these data
tabulations is that the values of the peak head acceleration and HIC for the
5th percentile dummy are consistently higher than those of the larger dummies
and exceeded the allowable limit of 1000 in each of the frontal impact tests

even when the head did not strike any part of the vehicle interior.

The responses of the 50th and 95th percentile dummies were well below
the injury criteria limits in all tests except that of the driver in Run No.
2330 for which the impact speed was increased to 38.5 MPH. In that test the
chest resultant acceleration was only 1 G above the 60 G injury criterion but
the femur loads were substantially greater than the 2250 1b. limit specified
in Federal Safety Standard No. 208. As noted in Table 3-1, the 50th percentile
driver head struck the steering wheel in all but one test, including the run in
which the belt position on the dummy was within the comfort zone (Run No. 2329).
The low values of the response measures for both the driver and passenger
dummies of Run No. 2329 suggest that the performance of the restraint system
might be improved by relocating the inboard anchor 6 inches forward of the
normal position but too few tests of that configuration were performed to be

conclusive.

A problem of repeated failure of the 95th percentile dummy neck was
experienced as indicated in Table 3-1. In each instance, one or both of the
7 x 19 wire cables contained in the rubber neck failed which was signalled by
"hash" produced in the head and chest accelerometer data, Examination of the
head accelerafion data from an earlier test of the dummy (Run No. 2226) also

showed some '"hash'' but, since the data traces reflected a grazing contact with
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the windshield header, neck failures were neither suspected nor recognized
early in the sequence of tests, Because of the high frequency of such failures
which prevented calculation of meaningful HIC values (in most cases peak head
and chest resultant accelerations and CSI could be estimated with sufficient
accuracy), it was decided after consulting with the CTM, to modify the dummy
by substituting the neck of a Part 572 50th percentile ATD. The modification
was easily accomplished since it was only necessary to drill several holes in
the upper and lower neck adaptors to match with existing tapped holes in the
end plates of the Part 572 dummy rubber neck. Moreover, removal of the spacer
in the 95th ATD neck assembly compensated for the longer Part 572 rubber neck
so that the overall length of the neck remained very nearly the same (within
1/16 in.). Modified 95th percentile dummies were used in tests subsequent to

sled Run No. 2283 without further difficulty.

Measurements of the initial geometry of the belt presented in
Table 3-2 show that with respect to the same reference point on each of the
dummies (i.e., 16 inches above a horizontal, rigid seat with the dummies sitting
erect), the belt crossed lower and at a steeper angle on the torso of the 5th
percentile dummy. From the data for the 50th percentile ATD it may be seen
that moving the inboard anchor forward lowered the position of the belt on
the torso but the crossing angle did not change much. The 51 degree angle
measured in those tests is near the minimum of the calculated possible range

of 55 + 6.3 degrees that will allow the belt to lie within the comfort zone.

As would be expected, the belt load data show an increase of the
maximum force with increased occupant size due to the greater mass of the torso.
However the difference in belt forces does not appear to have had much effect
on the amount of belt extracted due to tightening of the remaining webbing

wound on the spool of the emergency locking retractor.



3.2.2 Vertical Variation of Upper Anchor Position

Data obtained from sled tests in which the elevation of the upper
restraint belt anchor was varied from the baseline position are listed in
Tables 3-3 and 3-4. To facilitate analysis and evaluation of the results and
the identification of possible trends in the performance of the restraint system
with changes of the vertical location of anchor, data from these tests and from
those of the baseline anchor location presented earlier are depicted graphically
in Figures 3-3, 3-4 and 3-5 for the tests performed with the 5th percentile

female and the 50th and 95th percentile male size dummies, respectively,

Considering first the results for the 5th percentile dummy, it may
be noted from Table 3-3 that the driver head struck the steering wheel both in
the test with the anchor 6 inches down and in one of the two tests with the
anchor located 6 inches up. As indicated in Table 3-1, a similar head contact
occurred in one of the baseline anchor tests. The high head accelerations
produced in those contacts also resulted in high HIC values but, as previously
pointed out, HIC numbers close to or greater than 1000 were measured in several
of the 5th percentile dummy tests in which there was no impact of the head with

the vehicle interior.

The data for both the driver and passenger dummies shown in Figure 3-3
exhibit a trend of increasing magnitude of the chest resultant acceleration,
severity index, femur load and peak belt load with increasing elevation of the
upper anchor, From this and the low values of head response measured in the
tests with the anchor moved down one would naturally conclude that reducing
the height of the anchor results in improved restraint system effectiveness.
However, this is but one of several instances in the sled test program where
low values of these performance evaluation parameters belie the actual
performance of the restraint as revealed by the high speed films of occupant
kinematics and body areas loaded by the belt. For example, in the test with
the anchor 6 inches below the baseline, the 5th percentile passenger dummy

rotated over the belt to the extent that the head struck the dash panel.



*9asw 99 @ A3 UV DNIHOLILS L1738 ‘'HdW G'8E ALID0T13NA A31S '
HvI17id..8., LIHAV3H v
ONIGVvO1 XMI3N €
[4
L

301443ANN 914 °

HSVQ HO/AONVY 1.HM 9.H1S L1H QV3H ° ‘§310N
v'E 0061 0sL 0ce 14 g6l Ly 061 dn ..9 1d4Vv/SSVd S6 062¢
€ ootlL 008t (1744 9t L'Ee 2144 14 dn .9 14v/4a SG6 1: 744
v'e ovel 0S8 002 €€ 0’8l EvE oot dNn ..9 QIN/SSYd 0S 162¢
SL0L oorvi 00z Le €0z €£GE ov dan .9 ain/4sa 0sS 0622
€ 0SL SLL 002 LE S'6L €E9 09 dn .8 amd/sSsvd S 262¢
1 00S 00S sve (114 vol (24 69 dn .9 amd/4a S [4:T44
S10Vd4WI 3NDITE0 LHOY 2zt
Z ooviL 0904 (141 (24 o'Le ove vE [ e Y 4 14v/SSVd S6 LZET
-9 (os9t) (0ELL) (0£9) (zg) ‘O'N {zsv) (08} dan ..t 14v/SSVd 56 0EET
Z 0sLL ors :1:14 6€ ST 80L 8L dn .8 14v/SSVd S6 9zee
€ otle 0sZ1 08Z 9t ove 565 69 an .9 14v/SSVd $6 [3: 144
v'e 6591 ovsi 274 8t Lve 16LL L6l dn ..t 14v/4a S6 8ZET
€ 0z8i 000C 0LE 0s 1414 144] LS dn .9 14v/4Q 56 :1:144
z't sLcL 056 ove 6€ e {99 vL NQ .9 QIN/SSYd 0S5 6L2C
SL01 0stLi (1131 oy S6L LvS 19 dn .9 Qiw/ssvd 0S 8L72
'L 00LL 09el 0sc 24 £'8e €88 SL NQ..9 ain/da 0s 6LC2
€ :74:13 sZvl ore 6t 91z 669 89 dn .9 OQIN/Ha 0S 8Lez
'L 29 009 00z 9t 1414 66v 6l1 NQg .9 aM4/SSVd b 1822
14 SL9 059 olLe 12 4 [Ar44 €81 8t NG ..t amd/Ssvd S pa:144
z G616 oLé SYeE 14 L64 662 67 NG .2 amd/ssvd S 8zeT
€ 0soL SLOL oLy £S [1)[174 L96 L8 dan .9 amd/SSvd S o144
059 SL9 oov 144 Let SvS vs dn .9 amd/ssvd S 08zZ
3 0SL SLL oLy 8y re 6E61 [4:) 3 NQ..9 amd/gua S [4: 144
"O'N LS3L — 'HOVLLVY L7138 HIdOoHdWI NG .9 amd/4a ] t82¢
068 qZ8 S9¢€ 14 691 519 85 NQ .2 amMm4/da S LZET
000L SLL oLs 2] vt 666 oot dn ..9 amd/4a S vaze
3 008 1143 ovs 89 6°LL 29¢gL 1 4°13 dan .9 OMd/Ha G 08zz
S1IOVdWI TYLNOHA
S31ON 1HOIH 1437 (sw 00Z) (swEg) 9 ‘NI JIH 9 NOILVYO01 NOILISOd 3218 ‘ON NNY
180 1320V NOISHNIX3 1300V HOHONY Av3s aLv
LTINS3IY ayvmyod ‘AINs3y
‘81~ QvOo1 HNN3d 1S3HI av3aH

ATIVIILHIA A31VI013H HOHONY H3ddN HLIM S1S31 d371S WOHd Vivad LNVdNJI20

geslqel




1S31 HdW 9'8€ NI 3UNTIVA ONIHOLILS 1738 @ (XVIN) SOVO0T '€
AUNV4 HIDNASNVHL AVO0T 2
G3IHNSVIW LON 430-700dS HOLOVHLIIAY L

'SILON

4LV NO 1NIOd "43H WNNY3ILS .91 () MO138 HO {+) IA08VY FONV1SIA (€8)

9 oogL 0szZz €5 S'6 dn .9 14Vv/SSvd 6 062
9 0501 0561 8s v'e dn .9 1dv/4a 6 t6ce
946§ 0004 09EL 65 6t dan .9 QIn/ssvd 0S 1622
95’ 090t 0891 69 5 4 4N .9 ajinw/ya 0s 0622
[4 svv V'N oszi 19 €0 dn .9 amM4/SSvd ] 6zt
sy 8LL ooct £9 0 dan .9 ami/4a S [A:TAA
S1JVdWI 3NDITB0 LHOIY 21
L - 0591 0461 14 LAY NQ .2 114V/SSvd S6 LZeT
£ - (0gLL) (009z}) 14 L9 dn .t 14V/SSvd S6 Otee
3 - ovvi oviz 4] 6'S dn .S 14v/SSvd 56 L TAXA
9 SLYt 0szZe L9 €8 dfn .9 14V/SSvd S6 L8ZZ
1 - 7413 SLeT 99 1] dn ..t 1d4v/40 S6 8zec
S'S osvt ozee 8s 98 dn .9 14v/40 56 [:1:744
sy SLL1 os5tt (44 St NQ .9 QIN/SSYd 0s TR 44
4 0sEl 0012 29 0Z d0 .9 QIW/SSVd 05 8LTT
] sTit :74:11 S€ 6'¢ NG .9 ayn/ua 0s 6Le2
§'s osvi 0581 z9 o'z dft .9 ainw/da 0s 8.2z
1 4 008 0set 6 A NQ .9 am4/8Svd S i8cz
Svp 000t sevt 4] 8’1 NQ ..E ami4/SSvd S [4:144
2 - 568 avst 4] ot NO..Z amd/ssvd g 8cET
S 5221 0041 9 z0 dn .9 ami/ssSvd g s8Z¢
14 0011 ovLL LS (A dn .9 aMi3/SSvd ] 08ze
[4 Vv-SE ‘V'N sL11 05 8'L- NG .8 QMi4/H4a L] 4144
“O'N 1531 -1 4 0z NG ..9 amd/4a S 1822
F4} - ‘V'N ‘V'N S 8L NG .2 amM4/4C S Leee
v SeeEl 12:) 44 29 90 4N .9 amd/ya S v8ze
v :TA 113 SLEL 65 g1 dn .9 amd4/Ha S 08Z¢
S1IVdWI Tv.iNOYd
S310N ‘Ni H3Imo1 H3addn ‘93a (e} NOILYIO1 NOLLISOd 3zis ‘ON NNY
440-7100dS JITONY ‘NI HOHONVY 1lv3s aiv
HOLOVHLIH ONISSOHD NO1LISOd
‘4T &~ avol 1138 AH1IW03IO L1138

eEalqey

ATTIVILLYIA G31VI0T13H HOHINY H3ddN HLIM S1S31 d371S WOH4 Yivd 1139 LNIVHLS3Y




LIOVdWI TVLINOYA ‘SINVdNII0 FTVINIS ITANIOHId UIG ~ IONVIWHOAHId
INIVHLS3IH NO NOILYIOT TVvIILHIN HOHONY H3ddN 40 103443 £-¢ ainbiy

dn ‘NI ~ NOILVD01 HOHINY NG
9 asva z € 9
r Y T T 0
| | ] Lo -
_ [ ! o
) | I ! ' ! -
1 1 1 I i | -
- “me | R I
“IN..VI. . "li 26 -lm.cl rm_. 4 9t [~
8s 58
9 ~ "1300V LNVL11NS3Y 1SIHD
r——=---"
I YIDNISSVL |
R |
HIAIHO
dn'! ‘NI ~ NOILV3071 HOHINY NG
9 asve z £ 9
f 4\» T T L 0
i ' | 1 =
“ ||
—_ | -
F = v | 05
85
| | -
—Illl. — ond —
L8 “lwm | — 0oL
oot ool
. L |
£Ci 6L1
061
vat Zol ]
L
00z <

9~ "132IV LNVLINAS3IYH AVIH

dn ‘NI ~ NOILVI07 HOHONY NG
9 asvg z £ 9
( T 1 | S | 0
{ i ! "
| " “ " I
| 11 ooL
_ . ! o i
I | 1 ] I L
| | | P ~00Z
! ! |
| |
| ! | ) {
i | | L_J - 00E
| | L_4 oLg
: —_ SYE "Sag
v 1 0LE -00v
y 00Y — oo oLy
L GEY
oLy | ots oLy L 005
ovS {SW 002) I1SO
dn NI ~ NOILVI0T HOHINY NG
\» asvg z £ 9
r T T T 7T 0
i 1 | L
_ “ L__ £8L | —
e - 662 L-4  |oos
| 1720 l
1 " Si9 -
-I.l...l -
0001
L96 | 666 _T
1E8L1 -
L
99€L 0zvi ~ 0051
Lol 6EG1
Lv6L - 0002

JIH



LOVdWI TVINOYY 'SINVANOII0 ITVINIA 3T1LNIOHId WIS ~ IONVINHOSHId
ANIVHLSIH NO NOILVIOT TVIILHIA HOHONV H3ddN 40 133443 (o)) $-¢ aunbiy

dn ‘NI~ NOILYI0T HOHONV NG dn ‘NI~ NOILY901 HOHONV NG
9 3Isve z £ 9 9 3Isva z £ 9
1 ol I T 11 005 [ —* “ I T 0001
- { ] he
! “u 009 u “ i ~ ! ! I b 3
| ] I N " ".. rvnl ! “ L w1 ..mm“.m_m:.
" ! L) 0w [ _ _ T B
I i 568 Lo - “ SLEL I losvy § “ L ..&_ -
| I 5201 L.J — 0001 | {0SPL I L.Jd =~ 0051
| _ Jseor I Geor 0ooL " P! | e ovst =
00LL ) . ks
] 2 00L1 iy "
(. 06L1 o c=d Lo
gect - oviL - ovLL L
SzZel . _
0051 L 000z
g1~ avo1 L7139 HIMO 81 ~avo1 1138 H3ddn
dn “NI ~ NOILVI0T HOHINV NG dn ‘NI ~ NOILVI07 HOHINY NG
9 asve z € 9 9 asva z £ 9
f —~A— T 1] 005 [ —~ T 17 00s
" “ I o] - I ' “ L | =1
- ] L_Jd'g ] | S [
0SL |- e suLb
| [oos |__foos]! “ e | 062 2= | e u
" | 068 L__J068 B I Rl
L oot L 516 —ooor | |__ L_J 0001
0501 og0L 0E01 = e 0901 -

87 A~ av01 HNW34 LHOIY a1 ~avo1 N34 1431



LIOVdWI TVLNOYS ‘SLNVdNIJ0 3TVIW 3TILN3OH3d WS ~ IONVINHO4HId
ANIVH1S3IH NO NOILYI0T TVIILHIA HOHIONV H3ddN 40 133443 v-¢ aunbiy

‘NI ~ NOILVI0T HOHONV

an 9 asve 9 Na
I T T 0
| | I .
I " | !
| ve | €€ | -
L =36t L
- hm - =3
oy 6E v 6 Ty
- 05
9 A 1309V LNVLINSIY 1SIHD
=————
| Y3IONISSVd |
| R
H3IAIYQ
“NI ~ NOILYJ01 HOHONY
dn 9 asvse 9 NG
| I 1 0
| | | B
| | | R
| i | i
| 19 | -
! T _ -0
[ vs | L
‘L9 19 t
89 L B
vt S I
AN L 001
6LL

9 ~ 1330V LNVLINS3H AVIH

‘NI ~ NOILLYJ0T HOHONV

dn 9 asvy 9 Na
] I ] 0
| | |
| | _ - 001
I = _
| _rom: _ - 002
_ - L.
0z _
| ovZ [12 e
L g8z - 00€
oge ove 05¢e
- 00%
(SW 002) 1S9
— 005
"NI A NOILYD01 HOHONY
dn 9 3sva 9 NG
I T T 0
| | | -
| ! I
b~ [~
| {802 | _
| | |
_ -
| L_Jsec
L__ 8EV [6ov | - 005
b8 “ a
€65 P
699 2 ~
T
JiH €88 1
- 000L




LIOVdWI TVLNOHL ‘SLNVJNII0 3TVIN 3TLLNIOHId W0S ~ FIONVIWHOIHId
ANIVH1S3IH NO NOILVIO0T TVIILHIA HOHIONY H3ddN 40 133443 (W0)) p-< aunbiyg

‘NI ~ NOILLVYI0T HOHONY

dn 9 asvg 9 Na
I I _ 0001
| i l L
| L. L_Jszi1
GZLL S
| S2T P SZil
L. L. -
oSe 1] SZel Seel i
0SvL  o0st
81~ avo1 1138 HIMO i
‘NI ~ NOILV207 HOHINV
dn 9 asvg 9 NG
r I ] 005
| “ i -
| | | -
— — — b=
| | | -
: I _ - 0001
L__ “wc: |
5L01 -1 -
Sl ]
oszt szl -
oot i
\~A-0051
_ 00LL
SISL 91~ QVO7 HNW3d4 LHOIY .

‘NI ~ NOILLVYI0T HOHONY

an 9 3sva 9 Ng
_ T T 0001
L.
I “ 051 8
1
| | 0051
| I G2S1L
p—— -
_ 0S8 “w LMogst
0012 5L0 N
00£2
- 0052
—————= |
I H3ION3ISSVd 971~ avo1 1139 HiddN
e - 000E
H3IAIHA
‘NI A~ NOILVI01 HOHINY
dn 9 asve 9 Na
I | | 00
I { | u
| | L
I J !
| _ “ i
| “.wm.mn v-d T
| " 516 056 mooc—
| L
rlL 00L1
osLL ﬁom: -
-
T
mN¢F vap flcom—

87~ avol Hnwid 1437




LOVdNI TVLNOHS 'SLNVAN330 ITVIN ITILNIOHId WIG6 ~ JONVIWHOHId
INIVHLISIH NO NOILVIOT TVIILYIA HOHONV H3ddN 40 123443 S-¢ a4nbiy

a.
>

‘NI~ NOILVI0T HOHINV Na dn ‘NI ~ NOILVIOT HOHINY NG
g £ Isve z 9 9 g £ asvg 4 9 .
_ T T ] .J\f T 0 T 1 T 1\ 0
| oy ! P - | | | (I
! I ! . ! b i I
' _ ! I — b 1 L. — 001
' i ] i LE —IIL ! | | | oL
. ro| Fegqee | £ - | o
L L. b _ _ by _ - 002
6 8¢ or iv [ | |
= i | 1092
05 L.
L S0z g1 0%
08¢ ] U — 00€
T4 I ooe GLE
9 ~ 1399V LNVLINSIY LSIHD |
———— OLE L_J -
— - 1) oov
| H3ION3SSVd 1
[ I |
‘ — 005
ETNET (SW 002) 1SD
‘NI ~ NOILVI07 HOHONY Na dn ‘NI ~ NOILVYIO07 HOHINV Na
g £ asvd 4 9 9 ] £ 3svg b4 9
f T 1 17 1 J\F T 0 [ T 1 T Ty | 0
' o | P L 1 b | Pt =
| | { '
| Iy _ 1o I ! L -
I l (. — ! (I | -
| ) | ovZ
| | ) | I i - H | | i -
| I | Lo B _ Iy | o
! I J ! o i [Zov
' o KD 05 I b L] —005
| q i | 09 L. | | S -
] I | =T — 665 i
Lo { (2 L e L_J 929 =
69 L .“ 807
= N L
- -
051 00t rcco_.
v ate
L6L T6Lt

9 ~ "130JV LNVLINS3IY QV3IH JIH



1OVdiNI TV LNOYH ‘SINVJNII0 3TV 3TILNIOHId YIG6 ~ JONVINHOSHId

ANIVHLSIH NO NOILYIOT TVIILHIA HOHONY H3ddN 40 103443 (o)) S-¢ ainbiy

dn ‘NI ~ NOILVY3I0T HOHONY NG dn ‘NI ~ NOILVIO1 HOHONY NQ
9 5 > asve z 9 9 g £ asva z 9
“ 1 | I T ogot r 1 T 1 v 0051
! I _ | = ! I [ P -
i ! | ! | ) | | | ! | | | =
] b l . ! . J P
| b | . ~ “ I “ P B
L e I N . L - Y e I A -
SZpL 0S¥l (o551 I —~ 0051 " “ I i oz6l —0002
\ 1 | -
L— 1065t .m.wM_ K “ L_.1 ._.mlm 0Sic
SI91 \SIon) B L_Jtwzm isiiz —
05L1 - 052z =757 | -
avo1 1138 H3IMO1 —————- =1 [
g~ | HIONASSVd | _wdnm_ocﬁ
e L T - 0052
|
¥3AIuG 0092
81~ avo1l 11349 H3iddn
dn ‘NI ~ NOILVDO7 HOHONV NG dn ‘NI ~ NOILVIO1 HOHONY NG
9 g £ 3Isva z 9 9 g £ asva z 9
_ T T _ T TS “ . “ T Y 0
“ | “ “ (I . | | “ | Lo -
| _ | | _ | ] ! i | 1 |
" | . i | ~005 I I | 1 005
i | " 0 “ | " I | | L f “ L
" | ! [ " ! Lo | SZL] “ _
I ! 0 —000L v8 Foge e 0001
_ " ! ! ! "l 996 0901
! v | Esatee) - 55 (o0 -
_ | | __J 0SEL 0
! | ks o0Vt 0051 0051
_ ! goor Lot ovsL
| ..c....h m_ i1l . 0591/ -
l 0z8l ﬁ
] ] —0
L_J 0002 0002 0002 G/61 002
0Lz

g7 ~ AvOo1 YNNI LHOY

87 ~ avo1 dnin3d 1431



Similar rolling over the belt with consequent underriding of the rib cage
and severe loading of the abdominal region also occurred when the anchor

point was both 2 inches and 3 inches below the baseline position.

No definitive trends are seen in the data for the 50th percentile
(Figure 3-4) or 95th percentile (Figure 3-5) male size occupants as either a
driver or passenger. In the tests of the 50th percentile dummy with the
anchor 6 inches down, the head of the driver struck the steering wheel and
the passenger hit the dash with the side of the head as the torso rolled over
the belt and twisted outboard nearly 90 degrees. Note that although the peak
driver head acceleration was considerably less than the 119 G recorded in
one of the baseline tests (Run No. 2289), the HIC value was greater because

of the different character of the head resultant acceleration response.

The 95th percentile driver dummy also experienced very high head
accelerations in two frontal impact tests (Run 2286 with the baseline anchor
and Run 2328 with the anchor 3 inches up) as a result of striking the B-pillar
during rebound. 1In one case the HIC number was greater than the allowable
value of 1000 but none of the injury criteria were otherwise exceeded in any
of the tests. It may be noted that, again, the lowest values of the responses
were measured in the test of the passenger dummy with the belt anchored below
the normal position in the vehicle. However, the movies show that the overall
restraint performance was very poor because the dummy torso rolled over the
belt which caused severe loading of the abdomen and nearly allowed the head
to strike the dash. The measured forward excursion of the head C,G. in this
test was 31 inches or nearly 8 inches more than the average of previous tests
of the baseline anchor configuration. Poor kinematic response and underride
of the rib cage by the belt was thus found to occur in all of the tests

conducted with the upper anchor lower than the baseline position.

Comparisons of the frontal impact data for the baseline and the
higher belt anchor configurations presented in Figures 3-3, 3-4 and 3-5 give
little or no indication of a preferred anchor location for anv of the three

sizes of dummies. However, the data obtained in the 12 degree right oblique




impact tests, summarized in Figure 3-6, are quite consistent in showing a
tendency of somewhat decreased restraint system performance with the anchor
elevated 6 inches. Moreover, the degradation of performance appears to vary
with occupant size, with the responses of the 5th percentile female being least
affected and those of the 95th percentile male dummy affected most by {£Z;;2522-'élie
‘Gf belt anchor. The films of the tests show that the higher anchor increased

the likelihood and severity of the belt loading the neck of all three size

occupants in both the frontal and oblique impacts. This was particularly

true of the tests with the 95th percentile dummy in which the belt, clearly

appearing to cross too high on the torso initially, can be seen to slide up

the chest and severely load the neck as the dummy moves forward in the

compartment.

As noted in Table 3-3, both the 50th and 95th percentile passenger
dummies struck the B-pillar during rebound in oblique impact tests with the
anchor 6 inches up. A similar impact also occurred in the oblique angle,
baseline anchor test of the larger dummy in the passenger seat. The occupant
interaction with the belt was different for the driver and passenger because,
with the buck yawed to the left, the inboard motion of the driver tended to
cause the belt to slip off the left shoulder in contrast with the passenger
who moved outboard or into the belt that crossed over the opposite shoulder.
It is doubtful that the kinematics of the driver dummies were representative
of human responses in these and some of the frontal impact tests because the
belt can be observed to catch in the opening between the left clavicle and
upper arm whereas it is more likely that it would slip completely off the

shoulder of a human occupant,

The observed differences in occupant dynamic behavior with changes
of the upper anchor location result from differences in the geometry of the
belt as it crosses over the upper torso and shoulder of the occupant. The effect
of the vertical location of the anchor on the belt geometry is shown in
Figure 3-7. Each data point is the average of all measurements made with the

dummies in both the driver and passenger seats, The curves show that the belt
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crosses higher on the torso and at a steeper angle when the anchor is moved upward.
With respect to the same reference point on each of the dummies (i.e., 16 inches
above a horizontal, rigid seat with the dummies sitting erect), the point at which
the belt crossed the mid-sagittal plane is lowest for the Sth percentile female
and highest for the 95th percentile dummy. The reverse is true for the crossing
angle of the belt in relation to occupant size. The curves also show that the

belt geometry for the largest dummy is affected the most by changes of the anchor

point.

Of particular interest are the measurments of the position and angle
of the belt on the 50th percentile dummy which are shown crossed-plotted in
Figure 3-8 for comparison with the calculated limit envelope of geometry variation
that allows the belt to lie within the comfort zone specified in Reference 9.
It may be seen from this figure that the passive belt in the 2-door model VW
Rabbit does not lie within the comfort zone because it crosses too high on the
dummy torso. Moreover, the data indicate that changing the vertical location of

the upper anchor does not allow the belt to be positioned within the zone.
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Figure 3-8 BELT POSITION AND ANGLE COMPARED TO
COMFORT ZONE REQUIREMENTS



In some instances the belt geometry measurements of replicate
configurations varied over a rather wide range. In part this resulted from
some shifting of the upper torso skin jacket on which the sternum reference
point was marked as well as small differences of the dummy position in the seat
among the various tests. However, the measurement discrepancies stem primarily
from the difficulty of determining the ''matural' position of the belt because
friction and/or surface irregularities of the dummy skin can keep the belt in
place along various paths that give an equally 'natural' appearance. Typical
orientations of the belt on the various size dummies for different vertical

locations of the upper anchor are illustrated in the photographs of Figure 3-9.

3.2.3 Longitudinal Variation of Upper Anchor Position

Data from sled tests in which the belt was anchored forward or aft
of the baseline position are given in Tables 3-5 and 3-6. The results for each
size occupant are depicted separately in the bar charts of Figures 3-10, 3-11
and 3-12 together with data measured in the baseline anchor tests for

comparison.

Considering first the tests with the 50th percentile dummy, for which
the data are most comprehensive since they include tests with the anchor at
the intermediate locations of 4 inches forward and aft of the baseline,
Figure 3-11 indicates little effect of varying the anchor point in the
longitudinal direction. A slight trend of decreasing chest resultant acceleration
and severity index with more forward anchor location is evident in the passenger
data but the peak accelerations of both the driver and passenger are well below
the 60 G injury criterion for all anchor positions. The driver chest responses
are consistently higher than those of the passenger which may be a reflection
of driver abdomen contact with the steering wheel rim, particularly in the tests

with the anchor point ahead of the baseline position.



(a) 5th PERCENTILE FEMALE

Figure 3-9 RESTRAINT BELT ORIENTATION FOR DIFFERENT VERTICAL
LOCATIONS OF THE UPPER ANCHOR



(b) 50th PERCENTILE MALE & 6 YR. OLD CHILD
Figure 3-9 (Continued)



Ssuan

I
-y

+

(c) 95th PERCENTILE MALE
Figure 3-9 (Continued)
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As noted in Table 3-5, the head of the 50th percentile driver dummy
struck the steering wheel in both tests with the anchor forward of the baseline.
Although the peak head resultant accelerations were nearly the same, the HIC
exceeded the allowable value of 1000 in the test with the anchor located
8 inches forward. Otherwise, the head responses for both the driver and
passenger appear to be comparable and unaffected by changes of the belt anchor

point.

No trend is exhibited by the femur or belt load data as a function of
anchor location. The maximum femur loads are all seen to be much lower than
the 2250 1b. injury criterion but it is of interest to note that those of the
driver were somewhat higher than the passenger femur loads. This could be
due to the additional support of the knee bolster provided by the steering
column. Since the knee bolster is attached to the vehicle only at the ends,
bending deflections tend to be larger near the center which might account for
the fact that the loads measured on the left (i.e., inboard) leg of the

passenger dummy were consistently lower than those of the right leg.

The response comparisons shown in Figures 3-10 and 3-12 for the
tests of the 5th percentile female and 95th percentile male dummies, respectively,
also indicate that the performance of the restraint system in general is not
very sensitive to the longitudinal location of the upper anchor. However, the
HIC comparisons for both size occupants do show a trend of increasing values
as the anchor is moved more forward in the vehicle. This is particularly true
of the driver whose head contacted the steering wheel in both tests of the
95th percentile ATD and in the test of the smaller dummy when the anchor was
€ inches forward of the baseline. The HIC values of the 95th percentile
occupants were all less than 1000 but those recorded for the Sth percentile
dummy in both the driver and passenger seats exceeded that limit in every test

except the three in which the seat was not in the fully forward position.



A trend of higher loads at the upper end of the belt with changes of
the anchor from aft to forward of the baseline is also evident in the data of
both size dummies. Somewhat surprisingly, this is not reflected in the measure-
ments of the chest maximum resultant acceleration or severity index of the 95th
percentile ATD but there is some evidence of a similar trend in the chest

responses of the smaller dummy.

The data from the tests of the 5th percentile passenger* with the
anchor at the 8 inch forward location show that the dummy responses (except HIC)
and belt loads increased substantially when the seat was in either the mid-
or full-aft positions of the adjustable range (approximately 8 in.) instead of
the normal, fully-forward position. Since the clearance between the belt and
dummy shoulder (and hence the effective slack) increases as the seat is moved
rearward, higher response magnitudes were not unexpected. As indicated
previously, the 8 inch forward anchor position in the 2-door Rabbit used in
this program corresponds very closely to the relative location of the anchor

in the 4-door model of the vehicle.

One of the effects of moving the anchor point further ahead is an
increased tendency for the belt to underride the rib cage of occupants of all
three sizes as noted in Table 3-5. Another finding is that the forward
excursion of the head is also affected by anchor location. This is illustrated
in Figure 3-13 where the measurements from films of both the tests of the
horizontal and of the vertical variation of the anchor point are plotted. Head
excursion in and of itself is not a particularly important response parameter
except as it relates to the potential for injurious head contact with the
vehicle interior. Hence, the magnitude of forward excursion is more important
for the driver occupants due to their proximity to the steering wheel which

was frequently struck by the head of the dummies,

*
For some tests the dummy was actually in the driver seat but the steering/
column was removed to provide, in effect, a passenger configuration.




“
'
]
)
’
i
1
+
'
)

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

1, .\ .1 .w .ﬁ ' u 3 ] 3 ] . ¥ i i { sttt { St il g [ b prsemmwe prmmenoe u
' v [ ’ ’ [ 1] 13 . + 1] 0 ) 1] ) ¥ T . N '
1] 1 1] L} ] [] + 1] 1] ’ 1] 1] L] ’ 3 * 1] H N
: : _ ' : H ' : ' : : ' : ' : : ' ' _ :
: ; : ; : " “ ” . " . ; . . . : : . : :
' + ] . I ' ‘ ] ' N ] . N 1] . N ' ] ' H
; ; ' ! ! ! : : : : : : g ' ' : : : : :
[t e g VY E PN AP AP PRI AP @rmmoncocmpmnernnean decommmuna e R, PRI SRPNPID PR e memammad e cemmes o ecmmranan
; ; 1 1 ] { : ; : " " : : " " * ; “ " "
’ [ ‘ ] ’ . ' ¢ . + . N " + ' . ' u "
» 1] 1] ] 1] L] L] ] L] * 1] 1] L] " “ " . . N
: H H H ' H H H H H H H . H ' . f '
' ] ] ] . + ] * ' » ’ N . ' . ) . "
» + . . . + " ’ + + " . “ . " ” H
N Loy SRR C B S G R dreeenneas B--eeeee L O nonn e r-<l-- e CORRRRN ) S boeeeeanns R beenneee $emnennnes :
' : : : : : : o S 17 " ; : :
H : N ; 1 : : : | Py : : H '
; . N " : ; : : ; m m P : "
: : AR ] z ; : ; PN 1= " "
gmosnomee [ N At s $modemees goosesees fooo | - ket dpeeeeees NNy R R Bt s S pooeesees "
' : N : : : : : ; =
; “ LN ! " : m : ; I
1] + 3 . . ]
: : . k' | : : : ' : b=
osemmanas (R Rty SRR i bt T e B R il St e R T 4emronacan dreercecnn e R A S A O R T e T SR L P L i REET e menmead] R 4 <L -
u ” " — . n ] u . n "C "
H H : : s H ' = : o= !
' ) ] o ’ ] [T . I N> Y
' : : 8] : : : : : =T
: 3 ) : : ' : ; R fxy
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll . sewmadecncanssed. rl
m m ; t = : : e 125
m : m . mTu : ! : H H "ANnWr_A H
“ " " b W g m : . woi= i AT
R ducemmenne R s < =t IR RS _FEEITETRSUESS &3 PERPRTEE S e esmecanes focecnases revecsecectrl}--4G-B)-O--¢----<---p}--vne--n N 72 U & Peecsmaoan [ s < B
: ! : ! 2 Q o : & 9 : -
" ; " : @ 2 oo | =
; m : b - =X S VR 5 Z
R — A - £2 .. OO £ SO S 0 =
porrmnmoa— pracecvea Pomercracap s necedrassn e decorcdecdencnecercdeecrmccredueccane: [ saceare 0 LT ecacdencqecccndaccedpenfoprrcccccnacppecccencalbcnacicinan Wy icorrepeccennnne M
S i o e S
S S i = v 2 1 ip2
: : : . : == un i : : : :
] ] ] ’ . ’ L 'S I .
Lom na ' : : :
omme e e [ty (i (S bo B b .__m ......... Cemsees foooeee R =5 =t A S - S AR IS it gronemoees 4 ==
! : { : H p : o : : : : :
T S S B ; . 009 22 | \ P jWe
' H " ' + . . ' : ’ »
m : : R : " N - y e . :
foceemenen P S, docevanana P S R DR S S, Audevecaa 4 1V MY eea ORI TN P POPIPIEN PR Py S PR decencnann . .
1 ’ ] ) ﬂ‘ L *.ﬁ r Uv _ I o ’ 4 ’ . ¢
: H “ : ; : f : = o i< _ P
; " : { 4 m ; V) B3 | ; _ P
' [] . . [ ] " . 1] 1)
: : : : : : R i ! o® A | : : Py
1] 1) [] » . 1] (] " . . “ " " “ " "
g {romree §rome FI H e ENC B M S proreseee peeaseanes r [ : S e B poereenees o
: : : ; : : ; : i : " : " i " : =T
: : . . " : ; : : : : : : ; : " =
: : ! ! : : : : : : : : : : ; : Y :
H H : H . 1 . H 3 H f \ H i : H [y e m
v v O JRON davcavoves 4 IS IONNUEDIY MU NP R Y rencecces Y eecoenoa
I : | : ] : : : : i T ! : T 4 ' : r ’ :
H H 5 H H ' H n.u H ' H n.u H 5 ' N ' '
iy Q * wn ] . . [ ) . M N
tn : A : ~ : : — : v : & : N : — : : : :
; : : : ; : ; : : ! : ; : . : : : :
aneceenes Fesnnennas poeneneens bomeeens deaeomnees S Bereeamees forerenaes L L A S FE—— S R S SR R deeermeens HIN ;
H ' ' - » H RTE - . ‘ ‘ . H .
1 : : {TuT ~ NOISUNOXH avial : : v {ur ~ NOISHMOXY avil : : : : :
: : ! } H : : ' ! : : ! ! : ! ' : ' : i :
: : ! : : ; : : : { ' ! : ! ! : : : : : :
' 2 4 ) . ' ' ] . N . . . " . ' ' . . M H
lremoemcae b LT decremcmnoe et Fovmevo=— prm - Pommecenaa Fomseacran pr-cemas Forrocn-en Preccmenan gromcracnn Peceroanan P Pameceeaan Semcacaman Pemmnamann Sevmmnmman Ao R )
.. ' — 1 [ ] . . ' ’ [ . . » v ' ' ¢ : M M
: H ! : H : : : : : H : : ! ; : ! : H : :
4 H H ' ' ’ . 1} . . . ] » 1] ' ' I} t ' H H
H ' H ’ [ . . ' ] . [ 3 ' ] [ . : H ¢ N M
H " H 3 M * ’ » ' ’ . ’ . . . ' ] M H
H t M 1 [ ’ . ’ + v ’ [ v ' ' . N . H H H
S I b, e . e e il e eeeaee U el . I L . L SO SRR v :



Although results for a few anchor locations are limited to only one
test, a trend of increased head travel with more forward location of the upper
anchor is indicated by the lower set of curves of Figure 3-13. This trend,
which was also observed in the study reported in Reference 10, is consistent
for all three dummy sizes and for both drivers and passengers. It should be
noted that in some instances, particularly for the driver, the excursion may
be limited because of contact with the steering wheel. The plots tend to
indicate that head excursion is less sensitive to rearward than to forward
relocation of the upper anchor from the baseline position and that the 5th
percentile female dummy is least affected by changes of anchor position. At
the 8 inches-forward location (i.e., the baseline position for the 4-door
Rabbit) the anchor is still behind the shoulder of the female dummy but not
for the other dummies because of the difference in the position of the seat.
The tests were conducted with the seat in the full-forward, mid, and full-aft
positions for the Sth, 50th and 95th percentile occupant sizes, respectively,
The different effective belt slack that results from the different relative
positions of the seat (and, hence, the inboard anchor attached to it) and
upper anchor is believed to be one of the main reasons why the head excursion
increased with the size of the dummies. It is well to point out that the
larger head excursions of the 50th and 95th percentile dummies were mostly
offset by the increased distance to the steering wheel with the seat in the
mid- and full-aft positions so the likelihood of head contact was no more,
and perhaps even less, than that of the 5th percentile female dummv. Analysis
of the data indicates that the threshold of exgursion for driver head contact
with the steering wheel is approximately 17{ 21:5 gnd 26 inches for the 5th
percentile female and the 50th and 95th perc e male dummies, respectively.

SL\-g. ?

Figure 3-13 also indicates that raising the anchor as much as 6 inches
above the baseline did not appreciably affect the head excursion of any of the
dummies compared to the results for the baseline position. As discussed
earlier, the dummies rotated over the belt in the tests with the lower anchor

points and the head excursions were therefore considerably greater.



The manner in which the geometry of the belt on the torso of the
different size dummies varies with the longitudinal location of the upper
anchor is shown in Figure 3-14. Both the belt position and the angle at which
the belt crosses the torso decrease as the anchor is moved forward. As was
the case for vertical adjustment of the anchor, the change of belt geometry
with longitudinal anchor position is least for the 5th percentile female dummy.
In part this may result from a normal tendency to position the belt between
the breasts but a conscious effort was made to allow the belt to assume a

"natural' configuration for each test.

Comparison of the belt geometry measurements for the 50th percentile
dummy listed in Table 3-6 with the comfort zone envelope shown in Figure 3-8
reveals that changing the fore-aft position of the upper anchor will not cause
the belt to fall within the comfort zone. It may be noted that although the
belt of the 4-door Rabbit appears to provide a better fit than that of the
2-door model with respect to the sternum crossing height, the angle at which
the belt crosses the torso is too low so the belt does not lie within the bounds

of the comfort zone.

Photographs illustrating the orientation of the belt on the various
size dummies with the upper anchor at different longitudinal positions are
presented in Figure 3-15. (Refer to Figure 3-9 for pictures with the belt

anchor at the baseline position.)

3.2.4 Film Analysis of Restraint Performance

The performance of the restraint system with the upper anchor at
the various locations was also evaluated based on a careful review of the high
speed films of all of the tests to observe occupant kinematics and possible
injurious interactions with the belt such as underriding of the rib cage or
loading of the neck. Factors considered in assessing the overall performance
from the films included contact of the head or chest with the forward interior

of the vehicle, belt loading of the neck, underriding of the rib cage causing

o e
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Figure 3-15

(a) 5th PERCENTILE FEMALE

RESTRAINT BELT ORIENTATION FOR DIFFERENT LONGITUDINAL
LOCATIONS OF THE UPPER ANCHOR
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(b) 50th PERCENTILE MALE
Figure 3-15 (Continued)



(c) 95th PERCENTILE MALE
Figure 3-15 (Continued)



the belt to load the abdominal region, the tendency of the belt to slide
upward on the torso and load the breast in the case of the female dummy, and
the forward and rebound kinematic responses of the occupants. The restraint
performance with respect to each factor was rated Very Good, Good, Fair, Poor
or Very Poor based on a subjective judgement of the severity of the particular
response. In the case of occupant kinematics, the extent of twisting of the
torso and the tendency to roll over or submarine under the belt, the attitude
during rebound, and the degree to which rebound was in a direction other than
straight back into the seat so as to increase the potential for hazardous
contact with the other occupant or with the B-pillar were all elements

considered in evaluating the aspect of performance.

Results from the analysis of the films are presented in Tables 3-7,
3-8 and 3-9 for sled tests conducted with the 5th percentile female and the
50th and 95th percentile male dummies, respectively. Although the evaluation
procedure is recognized as being inherently imprecise, the tabulated results
do provide some valuable insight to how changes of the anchor location affected
the performance in general. Moving the anchor point aft of the baseline
position had little effect on the performance of the restraint system with
the 5th percentile female and 50th percentile male dummies but tended to
produce more neck loading and poorer kinematic response with the 95th percentile
dummy. The Very Poor overall rating of the 95th percentile passenger dummy
in test No. 2288 stems from the fact that the dummy submarined and the belt
severely loaded the neck. Compared to the baseline anchor position, the
performance with the anchor located forward appears to be less satisfactory
for all three occupant sizes. This is particularly true for the driver position
because of the increased severity of head and chest contacts with the steering
wheel. Anchoring the belt further forward also resulted in the belt underriding
the rib cage of the dummies in nearly every test but was more severe for the
two larger male dummies and this aspect of the restraint performance was deemed

to be very poor for the passengers in Test Nos. 2225 and 2226.
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In contrast with the good performance observed for the driver in sled
run 2329 with the inboard anchor moved ahead to position the belt in the comfort
zone of the 50th percentile dummy, the performance in restraining the passenger
was deemed poor. The films show that the passéﬁger twisted outboard approximately
90 degrees as the torso rolled over the belt and the left side of the head came
very close to striking the dash panel. There was very little rebound as the
dummy torso remained pitched forward over the belt after the crash. In this
test, and in several others as mentioned previously, the belt appeared to catch
in the shoulder opening between the clavicle and the upper arm which could account
for the poor kinematic response. Note that except for the severity of the driver
head and chest contact with the steering wheel in test No. 2330, which is
attributable to the much higher speed of that test, the performance of the

restraint configuration was deemed comparable to the baseline tests.

Raising the anchor point by 6 inches increased the frequency and
severity of neck loading and, in the case of the female dummy, shear loading
of the breast by the belt. Neck loading was particularly a problem with the
95th percentile dummy for which the belt clearly appeared to be positioned too
high on the torso. The films show that while restraining the dummy the belt
slides upward on the chest and under the inboard arm pit which results in
severe loading of the neck. Belt contact with the neck was also more of a
problem for the passenger dummies in the oblique impact tests. Since the sled
buck was oriented to simulate impacts on the right front corner, the occupants
of the passenger seat were thrust toward the diagonal belt which crossed over
the right shoulder whereas the drivers tended to move from under the belt

crossing over the opposite shoulder.

As discussed in Section 3.2.2, the kinematic response was generally
very poor and the abdominal region was severely loaded as a result of the
extreme rotation of the upper torso over the belt that occurred in the tests

with the anchor below the baseline position.
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The overall performance ratings shown in Tables 3-7, 3-8 and 3-9 were
used to assess the performance of the restraint system with the different anchor
positions in relation to the performance of the baseline configuration. Each test
with a relocated anchor was compared to all applicable* baseline tests and the
frequencies (driver and passenger combined) of better, equal, or worse restraint
performance tabulated. The results for the vertically relocated anchor are
summarized in Table 3-10 and in the performance comparison matrices of Figure 3-16.
It may be seen from Table 3-10 that the performance was judged to be worse in
18 of the 20 possible comparisons of tests with the anchor lowered. Moreover,
Figure 3-16 shows that the performance was considerably degraded. In that
figure, cells above and to the right of the shaded diagonal represent poorer
performance with the relocated anchor; conversely, entries in cells below and
to the left of the diagonal indicate the performance was improved over that of
the baseline configuration, Clearly, the farther a cell is from the diagonal,
the greater the improvement or degradation. Only in the test of the 5th
percentile driver with the anchor 2 inches lower was the performance judged to .

be equal to or better than with the anchor at the baseline location.

The situation is much better for elevated anchor points but somewhat
inferior performance is still indicated for the 5th percentile female with the
anchor raised 6 inches and the 95th percentile dummy, in particular, did not
fare well. It may be seen that the performance with the latter dummy was
increasingly degraded as the anchor was moved further from the baseline. It
is well to note also that the restraint performance in the baseline anchor
tests was most variable for the 95th percentile size occupant and ranged from

very good to poor.

- :
For example, in Table 3-7, the overall performance for the driver in sled
runs 2280 and 2284 can be compared with each of baseline test Nos. 2227 and
2283 (i.e., four comparisons) but not with run No. 2236 which was an oblique
angle baseline test or with the baseline tests for the passenger.



Table 3-10

RESTRAINT PERFORMANCE WITH ANCHOR RELOCATED
VERTICALLY RELATIVE TO BASELINE SYSTEM PERFORMANCE

ATD SIZE RELATIVE PERFORMANCE
BETTER EQUAL WORSE

ANCHOR 6 IN. UP

" 5F 0 (0)* 3 (30) ' 7 (70)
50M 1 (14) 4 (57) 2 (29)
a5M 0 (0) 0 (0) 9 (100)

TOTAL 1 (4) 7 (27) 18 (69)

ANCHOR 5 IN. UP

95M 0 (0) 2 (40) 3 (60)
ANCHOR 3 IN. UP

95M 0 (0) 1 (50) 1 (50)
ANCHOR 2 IN. DOWN

5F 1 (25) 1 (25) 2 (50)
95M 0 (0) 0 (0) 5 (100)
TOTAL 1 (11) 1 (11) 7 (78)

ANCHOR 3 IN. DOWN

" 5F 0 (0) 0 (0) 2 (100)
ANCHOR 6 IN. DOWN

5F 0 (0) 0 (0) 4 (100)
50M 0 (0) 0 (0) 5 (100)
TOTAL 0 (0) 0 (0) 9 (100)

*VALUES IN( ) INDICATE PERCENT OF ROW TOTAL.

TOTAL
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Figure 3-16 PERFORMANCE RATING COMPARISON FOR VERTICAL
VARIATION OF UPPER ANCHOR LOCATION



The performance as judged from the films of the tests with the anchor
varied longitudinally are similarly compared to the baseline anchor test results
in Table 3-11 and Figure 3-17. The tabulated data shows that, with the exception
of the 50th percentile male, restraint effectiveness with the anchor point
8 inches aft tended to be degraded for the other dummies of smaller and larger
size. The performance rating comparison matrix at the top of Figure 3-17
shows, however, that the performance with the 5th percentile female occupant
was only slightly inferior whereas, again, the 95th percentile male dummy
generally experienced more frequent and greater losses of protection. In
contrast with this is the indication that the performance with the 50th
percentile dummy is at least as good and, indeed, is even somewhat improved
when the belt is anchored aft of the normal location. The overall performance
was deemed Very Good for both the driver and passenger in both tests with

the anchor located 4 inches and 8 inches rearward.

The performance comparisons for forward locations of the anchor
presented in the lower matrix of Figure 3-17 indicate a tendency toward less
satisfactory performance for all three sizes of dummies. Since the 8 inch
forward position closely approximates the existing location of the anchor in
a 4-door model Rabbit, the open symbols of this chart in effect provide a
direct comparison of the performance of the restraint system as currently
installed in 2-door and 4-door vehicles. The results indicate that the
restraint offers somewhat less protection to occupants of the 4-door model,
especially those represented by the 50th percentile male size dummy. Although
the performance with the anchor located 8 inches forward was deemed worse than
the baseline tests more often than not with the 95th percentile dummy, there
were none-the-less several instances of improved performance and the results
are therefore less conclusive concerning the effect of the difference of

anchor location.



Table 3-11

RESTRAINT PERFORMANCE WITH ANCHOR RELOCATED
LONGITUDINALLY RELATIVE TO BASELINE SYSTEM PERFORMANCE

ATD SIZE ' RELATIVE PERFORMANCE
BETTER EQUAL A WORSE

ANCHOR 8 IN. AFT

5F 1 {25) 1 (25) 2 (50)
50M 3 (60) 2 (40) 0 (0)
95M 3 (21) 2 (14) 9 (64)

TOTAL 7 (30) 5 (22) 11 (48)

ANCHOR 4 IN. AFT

50M 3 (60) 2 (40) 0 (0)
ANCHOR 4 IN. FORWARD

50M 1 (20) o (0) 4 (80)
ANCHOR 8 IN. FORWARD

5F 0 (0) 0 (0) 4 (100)

50M 0 (0) 0 (0) 7 (100)
95M : 5 (36) 2 (14) 7 (50)
TOTAL 5 (20) 2 (8) 18 (72)

INBOARD ANCHOR 6 IN. FORWARD
50M o (0) S 2 (40} 3 (60)

*VALUES IN( ) INDICATE PERCENT OF ROW TOTAL.

TOTAL

BlRas
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Figure 3-17 PERFORMANCE RATING COMPARISON FOR LONGITUDINAL

VARIATION OF UPPER ANCHOR LOCATION



In summary, the foregoing analysis of the film data indicates that
the existing anchor location in the 2-door model Rabbit is close to the optimum
for the entire range of adult size occupants, Such a finding quite naturally
leads to the conclusion that a capability for édjusting the anchor perhaps
should not be provided since it would allow the possibility of occupants
selecting a position for increased comfort, but at the expense of a reduced
level of crash protection. Although this indeed might be true, it is well to
mention certain aspects of the problem that point to the need for exercising
caution in drawing any firm conclusions regarding the merits of an adjustable

anchor,

First, in addition to the subjective nature of the evaluation,
performance metrics were more or less considered of equal weight in classifying
the overall restraint performance. Thus, for example, there was no distinction
between a "Fair" classification for rib underride in a baseline test and the
same category for neck loading in a test with the relocated anchor in rating
the overall performances whereas the injury potential actually could be much
different for the two types of loading. Furthermore, the benefits/costs are
not necessarily the same between all categories, e.g., the performance loss
associated with a change from 'Very Good" to "Good'" may not be as great as

from, say, "Fair" to "Poor'".

The frequency distribution of occupants of different size is also
an important consideration. Since the 50th percentile male dummy is probably
representative of a greater proportion of motorists, it would be logical to
give more weight to the results for that size occupant. It was previously
noted that elevating the anchor had little effect on the overall performance
and some improvement was indicated for the more rearward locations with the
50th percentile dummy, Hence, there is a possible trade-off between degraded
protection for motorists near the extremes of the size range and improved

performance for a greater number of occupants that must be considered.



Finally, and perhaps most important aside from cost considerations,
is the question of whether or not adjustable anchors would result in increased
use of safety belts provided in vehicles. It seems clear that if, by virtue
of allowing better fit and increased comfort, édjustable anchors would result
in more people wearing the belt, a net overall safety benefit might be realized
even though the anchor may not always be adjusted to the position that affords
the best protection. The consideration of how occupant comfort might be
affected by changes of the upper anchor point was beyond the scope of this
study. However, based on the comments of several people of different sizes
after trying out the restraint belts in a 2-door VW Rabbit equipped with
vertically adjustable upper anchors, it is the author's opinion that adjustable
anchors are not likely to improve the comfort of the belts in that vehicle

for the vast majority of occupants.



4. DESIGN AND DEVELOPMENT OF ADJUSTABLE ANCHORAGE

4.1 Conceptual Design

There were three basic requirements specified for the design of the
vertically adjustable anchor for the Rabbit passive belt. These were:
(1) the anchor must not be capable of being disconnected, (2) the device
must allow adjustment to a minimum of three positions including the location
of the existing fixed anchor and at points both above and below the present
location, and (3) the emergency release buckle must be retained in its original
location at the upper, outboard end of the belt. In addition, simplicity of
design, convenience of operation, hazard to occupants, ease of fabrication,
possibility of retrofit, etc., were among the important factors considered

in achieving the objective of a practical, consumer-acceptable installation.

Several preliminary design céncepts for an adjustable anchor device
were formulated and evaluated in the light of the aforementioned criteria.
In these design studies, the major difficulty was perceived to be the limited
space available for attaching the mechanism to or within the door frame and
for providing the mechanical interlock needed to suitably transfer the'belt
loads into the B-pillar throughout the range of adjustment. Since it appeared
that any scheme would require substantial modification of the door frame and
B-pillar structures, an after-market type of device that would permit a
simple, add-on retrofit installation in the Rabbit vehicle was not deemed
feasible. Although a design that would be amenable to fabrication by mass-
production techniques was emphasized, the question of manufacturing processes
required to produce modified door and body stampings for assembly and
installation of the device at the time of original vehicle fabrication was not

addressed in detail.



The conceptual design deemed most promising among the several candidate
configurations considered and which was selected for detail design, development

and fabrication of prototype units is illustrated in Figure 4-1. The adjustable

—RELEASE HANOLE & SLIDE As3Y

DOOR WINDOW FRAMEX / SPRING LLOADED ZALL IN DETENT
— DOOR WEATHER SEBAL

TRACK ASSY WITH
LATCH INTERLCCK
TONGUE

~a'posT

' 7 LATCH SUPPORT
NUT PLATE

LATCH

N,

Figure 4-1 DIAGRAM OF VERTICALLY ADJUSTABLE UPPER BELT
ANCHOR CONFIGURATION

anchor mechanism consists of three component subassemblies: (1) a guide track
within a U-shaped member having a tongue or flange that interlocks with the
B-pillar, (2) the adjustable slide to which the existing VW emergency release
buckle is attached, and (3) the latch portion of the interlock which is mounted

on the B-pillar. Figure 4-2 is a photograph showing each of these subassemblies.
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'LATCH o
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i .

Figure 4-2 ADJUSTABLE ANCHOR SUBASSEMBLIES

As may be seen from Figufe 4-1, the guide track and slider are
contained within the door window frame which was partially cut away to provide
the opening required for installation of the prototype anchors that were
fabricated in this program.  Similarly, it was necessary to remove a section
of the outer sheet metal of the B-pillar to permit welding of the latch
support bracket to the internal diagonal member. Except for the cutout
required to clear the latch support, this section of outer skin was reattached
to the B-pillar and latch support by welding and silver soldering to provide
a neat, finished appearance to the installation, The latch is secured to the
B-pillar with five screws which provide reinforcement against spreading of the
latch under load and also permits easy adjustment of clearances with the

interlocking tongue on the door by shimming.

~ The track assembly which includes a spacer contoured to fit the lateral
curvature of the outer door skin, is also welded in place inside the window
frame. The adjustable range of the anchor is from 2 inches below to 5 inches

above the normal, fixed-anchor location. A spring loaded ball engages detent



holes spaced one inch apart in the track mount to maintain the slider at the

adjusted height.

" The anchor is readily adjustable with the door either closed or open
by grasping the emergency release buckle and applying the small force required
to disengage the ball from the detent and move the slider to the desired position.
A disadvantage is that the buckle might be difficult to reach for some people,
particularly in the two-door model Rabbit with the seat positipned fully forward.
However,.a worm gear cable drive mechanism similar to that used to raise and
lower the windows of the Rabbit vehicle could easily be added which would allow

convenient adjustment of the anchor from a normal seated position.

Photographs of the adjustable anchor installation in the Rabbit
automobile are presente& in Figure 4-3. Note that the opening cut in the window
frame extends beyond the lower end of the track which alibws the buckle and slider
assembly to be replaced, if desired, by removal of a screw in the track mount
that otherwise prevents the anchor from being disconnected. 1In a production
installation, this opening would be covered with a suitable trim cap to improve

the appearance.
The design of the adjustable anchorage is documented in a set of nine
detail and assembly drawings furnished to the sponsor and identified as Calspan

Drawing Nos. TR79-E15-001 through TR79-E15-009.

4.2 Component Static Tests

Static tests of the adjustable anchor hardware were performed to
determine if the strength of the components was sufficient to withstand the
loads developed in the restraint belt in a crash. The tests were performed on
a Southwark-Emery hydraulic tensile testing machine using the setup shown in
Figure 4-4. The interlock latch that normally is attached to the "B'" pillar
was mounted on a fixture designed to proﬁide a direction of loading similar

to that for an actual vehicle installation. The anchor carrier was placed at






Figure 4-3 ADJUSTABLE BELT ANCHORAGE INSTALLATION IN VW RABBIT
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Figure 4-4 TENSILE TEST OF ADJUSTABLE ANCHOR ASSEMBLY



the mid-point’of the adjustable range to provide the most severe loading
condition. A bar was connected to the latch plate of the VW emergency release
buckle instead of the belt webbing to facilitate clamping by the upper carriage
of the testing machine and a load cell was installed in this link to record the
tensile force. Loads were applied through pin connections to the tensile
machine to insure alignment of the reaction forces, thereby avoiding bending
moments that otherwise might be introduced through use of the rigid bar instead

of belt webbing.

Two tests of a prototype adjustable anchor assembly were performed
followed by two additional tests of the existing, unmodified VW emergency release
buckle hardware. In the first test of the adjustable anchor, the weld at the
end cap of the track mount channel started to fail at a load of 2400 1lb. The
deformation of the carrier guide track assembly and the failure of the end cap
weld can be seen in Figure 4-4(c). Loading was continued to a maximum valué of
2900 1b. during which time the threads of nuts on several of the screws
securing the interlock latch to the fixture became stripped and the test was

therefore terminated.

For the second test, the guide track assembly was straightforward,
the end cap was rewelded, and a high strength screw was provided at the upper
end of the channel like that at the opposite end as a further measure to prevent
spreading of the channel. In addition, a steel bar with threaded holes was

used as a nut plate for securing the latch to the fixture.

A maximum load of 3450 1b. was applied before a failure of the
original VW emergency release buckle occurred. This failure is indicated by
the arrows shown in the photograph of Figure 4-4(d). At that load the

adjustable anchor hardware, though deformed, was still intact.

To check if the release buckle bracket might have been weakened by the
welding and heat treat process used in attaching it to the slider of the
adjustable anchor, two tensile tests of unmodified emergency release buckle

assemblies were performed. In each of those tests there was no structural



failure but ﬁhe male latch plate released from the buckle as a result of
distortions of the bucklé mechanism. These failures occurred at applied loads
of 3800 1b. and 4300 lb., respectively. The results of the static tests
indicated that the modifications to the mounting bracket of the VW emergency
belt release buckle for adapting it to the adjustable anchor device did not
seriously compromise the load carrying capacity of the original equipment, if

at all.

Although FMVSS 209 which specifies requirements.for seat belt assemblies
does not directly address the type of assembly used for the VW Rabbit passive
belt system (i.e., a single belt torso restraint), Paragraph 4.4b2 specifies
that the components in the upper torso restraint portion of a Type 2 belt
assembly must withstand a minimum force of 1500 1b. Paragraph 4.4b3 specifies
that hardware common to pelvic and.upper torso restraints must withstand at
least 3000 1b. The static tests of the adjustable anchor hardware demonstrated
a load capacity that exceeds these requirements. Moreover, the material strength
is substantially higher for dynamic, impulsive type loads like those developed
in a crash, so the failure load of the adjustable anchor is probably as high as
4000 1b. or more.

4.3 Dynamic Tests of Final Design Installation

The performance of the adjustable anchor under dynamic loading conditions
was evaluated by impact sled testing of a complete final assembly installed in
the door and B-pillar on the passenger side of the sled test buck. Five sled
runs (Run Nos. 2326-2330) were performed using the same anchor hardware for all
of the tests. The main purpose of these runs was to strength proof test the
complete prototype hardware installation under realistic dynamic loading
conditions. In addition, it was important to check that the anchor would remain
at the adjusted location and not be pulled downward by the vertical component
of the belt load since, except for the retention force of the spring-loaded

detent ball, the anchor slider is not positively locked in position.



The peak upper belt loads measured in this series of sled tests ranged
from a minimum of 1540 1b. with the 5th percentile female dummy as the passenger
to a maximum of 2600 1b. in the 38.5 MPH test using the 95th percentile male
dummy. As noted in Tables 3-3 and 3-4, the stitching in the belt loop attachment
to the latch plate of the emergency release buckle failed at t = 66 milliseconds
in the latter test (Run No. 2330) so tﬁe applied belt load was substantially less
than the maximum which otherwise would have been developed in this high speed

test.

Satisfactory performance of the adjﬁstable anchor device was demonstrated
in each of the five sled tests. In those tests in which the anchor was positioned
above the minimum elevation, post-test inspection revealed that the carrier slider
had fallen to the lowest position. However the high-speed films show that the
carrier remained fixed in place under the applied belt loads and did not begin
to move downward until well after the belt had become slack during rebound of
the dummy. Apparently the fofce of the spring holding the small ball in the
detent to keep the carrier in place was reduced as a result of the small
deformation of the guide track channel section that occurred so as to allow the

carrier to slide down when the belt was no longer loaded.

The only damage to the adjustable anchor in any of the tests was a
slight bend (i.e., spreading) of the door channel interlock with the '"B'" pillar
latch which also showed some local deformation after the last, high-speed sled .
run. This minor damage was repaired by hammering the latch interlock tongue of
the track assembly to straighten the bent section after each test. Because the
same adjustable anchor hardware was repeatedly used in all of the evaluation
sled tests with no structural failures, it is concluded that the design satisfies
strength requirements with an adequate safety factor and hence is capable of

withstanding the dynamic belt loads developed during an actual vehicle crash..
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the study:

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The following conclusions are drawn from the results obtained in

The location of the existing, fixed upper anchorage of the passive
belt restraint in the 2-door model Volkswagen Rabbit is close to
optimum for the overall range of adult size occupants in terms of
performance. Lower anchor positions produce poor occupant kinematics
and increase the possibility of abdominal injuries from the belt
underriding the rib cage as occupants roll over the belt. Restraint
performance with the anchor located higher is degraded, particularly
for 95th percentile size occupants, due to increased belt loading of
the neck.

Moving the anchor up to 8 inches aft of the baseline position also
resulted in an increased tendency for the belt to load the neck of
the largest dummy but had little effect on the protection afforded
to 5th percentile female or 50th percentile male size crash victims.
On the other hand, the severity of driver torso and head contacts
with the steering wheel is increased for all size occupants for more

forward anchor locations.

The passive restraint system also does not provide adequate protection
to small children, in large measure because the motion of the lower
torso is not properly controlled by contact of the legs with the knee
bolster. (In recognition of this problem, the owner's manual provided
by the vehicle manufacturer cautions against use of the passive belt
system by persons less than 55 inches tall and recommends that
children always sit in the rear seat and wear lap belts.)



Although the number of sled tests performed with belt geometry
conforming to the comfort zone was too few to be conclusive, the
data from all of the tests with the 50th percentile dummy generated
in this program suggest that such geometry is not optimum from the
standpoint of restraint performance. Very good performance was
consistently demonstrated when the belt was positioned 2 to 3 inches
above the specified 16 inch sternum reference point (and at an angle
of about 55 degrees as recommended). The lower belt positions
required by the comfort zone, and particularly when in combination
with smaller crossing angles, results in poor kinematic responses

and increases the tendency for occupants to roll over the belt.

The second objective of the program was successfully accomplished

in that a vertically adjustable upper anchorage design for the
Volkswagen Rabbit passive restraint belt was developed and demonstrated
to be feésible. Because the device is designed for installation within
the door window frame and B-pillar structure, it offers the advantages
of a neat appearance and of not creating a hazard to occupants since
there is no protrusion into the passenger compartment. For the same
reason, however, it is more suited to installation during the original

manufacture of the cars rather than to retrofit of existing vehicles.

Injury criteria values often do not reflect the actual performance

of restraint systems and must be augmented by film analyses for proper
evaluation of system effectiveness. This was vividly demonstrated

by some tests in which improved performance was indicated by lower
values of the injury criteria whereas the actual restraint system
effectiveness as revealed by the films was clearly unsatisfactory
because of severe belt loading of the neck and/or abdominal regions
and the attendant potential of producing serious injuries to human

occupants.



5.

2

The fit of the shoulder belt of the 2-door Volkswagen Rabbit auto-
mobile does not comply with the comfort zone specification that has
been proposed by the NHTSA for inclusion as a part of the Occupant
Crash Protection Safety Standard No. 208. Moreover, the data from
this study indicate that independently changing the vertical or
longitudinal location of the upper anchor does not cause the belt

to lie within the comfort zone envelope.

Frontal impacts constitute a more severe crash environment for which
the demand on the performance of the restraint system to provide
protection for the occupants is greater than in 30 degree barrier
type collisions at the same speed because of the higher magnitude

and shorter duration of the vehicle deceleration pulse.

Recommendations

The full-scale car crash tests planned for Phase II of the project
should be performed to evaluate the performance of the adjustable
anchor passive belt system installed in vehicles under actual crash
conditions and to provide confirmation of the findings from the sled

tests performed in Phase I documented herein.

Additional sled tests should be performed to explore the effectiveness ’
of the restraint system for different size occupants when the belt
geometry is varied over the range of position and crossing angles

defined by the envelope of the comfort zone that has been recommended

for assuring proper fit of shoulder belts.
N

More work is needed to better define the regions of upper and lower

shoulder belt horizontal and vertical anchor point locations that

provide the geometry required for belts to fit within the comfort

zone envelope.



A study should be conducted to evaluate the merit of adjustable
anchors in terms of the balance between the benefit of increased
belt utilization that might occur due to improved occupant comfort
and the potential for decreasing the safety of occupants who could
unknowingly use anchor locations that result in reduced restraint

system effectiveness.

The position and crossing angle of the belt on the occupants of all
vehicles involved in future crash tests should be measured and
reported to provide information which would help in establishing

a correlation between belt geometry and the performance of the

restraint system.
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